Left bundle-branch block (LBBB) was found to be associated with an unusually short left main coronary artery in 11 T HE frequent association of left bundlebranch block (LBBB) with cardiovascular disease,1-particularly coronary artery disease and hypertensive heart disease,3 often results in the implication that for all patients with this conduction disturbance the prognosis is poor. However, isolated LBBB in asymptomatic, apparently healthy persons has been shown to be associated with a relatively good prognosis,3' 8 suggesting that there may be two distinct populations of subjects with this electrocardiographic abnormality The clinical and laboratory features with special attention to the coronary arteriographic findings in 12 patients with left bundle-branch block are reported here.
T HE frequent association of left bundlebranch block (LBBB) with cardiovascular disease,1-particularly coronary artery disease and hypertensive heart disease,3 often results in the implication that for all patients with this conduction disturbance the prognosis is poor. However, isolated LBBB in asymptomatic, apparently healthy persons has been shown to be associated with a relatively good prognosis, 3' 8 suggesting that there may be two distinct populations of subjects with this electrocardiographic abnormality The clinical and laboratory features with special attention to the coronary arteriographic findings in 12 patients with left bundle-branch block are reported here. Methods Eight men and four women (table 1) with electrocardiographic findings of LBBB were chosen from a group of 366 patients who had been subjected to coronary arteriographic study. Patients were selected for coronary arteriography because of overt or suspected ischemic heart disease, chest pain of uncertain etiology, or an unexplained electrocardiographic abnormality such as LBBB. The finding of LBBB which was apparently clearly attributable to ischemic or hypertensive heart disease did not in itself constitute an indication for arteriography. The diagnosis of LBBB was based upon the strict criteria set forth by the New York Association.9
Five patients had exhibited transient LBBB'0 over a variable period prior to the arteriographic study, and in one of these normal intraventricular conduction prevailed at the time of the study. All 12 patients with LBBB included in this study had performed a graded electrocardiographic effort test, a multiple-lead recording system being employed for this purpose.1'
The coronary arteriograms had been performed by the selective technic of Sones and Shirey'2 or Judkins'3 and were evaluated as follows: The arterial distribution pattern was determined, employing Schlesinger's14 criteria of "dominance" with respect to the arterial supply to the A-V node and the posterior interventricular surface of the heart. Atherosclerotic change was graded according to a previously described scheme,15 The right anterior oblique projection was utilized for the measurements of the left coronary artery (LCA) length. In each patient, diastolic frames from several heart cycles were examined. This avoided the foreshortening effect of ventricular systole on the LCA length. 16 The frames selected for measurements were those in which the catheter tip and ostium of the LCA appeared to be in the same plane. By selecting frames in this manner, the known diameter of the catheter tip (1.8 mm for a 5.5 F catheter) could be used as a reference for the LCA length measurement. All measurements of LCA length were made independently by two observers and data shown (table 2) represent the mean value of all determinations in eaclh patient.
A control arteriographic series was provided by the randoin sampling of 25 coronary arteriograms fromr the 354 available for review. These arteriograms were analyzed in similar fashion with respect to arterial distribution pattern and prebifurcatioin length of the LCA. The findinigs were compared with those obtained in patients with LBBB and also with the results of anatomic studies reported in the literature.
Results
The clinical, laboratory, and hemodynamic findings in 12 patients with LBBB are summarized in table 1. Nine patients complained of chest pain. In four of these, moderate to severe coronary atherosclerosis was visualized at arteriography; rheumatic aortic regurgitation was present in case 5, myocardiopathy in case 7, and a small patent ductus arteriosus irn case 12, but in none was there clinical or hemodynamic evidence of a severe impairment of cardiac function. The remaining five patients had no abnormality to which the symptoms of LBBB could be attributed. In all patients, the electrocardiogram revealed a frontal axis within normal limits. The exercise electrocardiogram in 12 patients showed downiward sloping S-T segment depression varying from 0 to 3.0 mm below the resting base-line level similar to the representative records shown in figure 1. In the four patients with established coronary atherosclerosis the level of S-T segment depression was 2.0 inm or more and in the eight without evidence of atherosclerosis the figure 5 and table 2 will show that within the group of patients with LBBB, arterial distribution pattern and LCA length do not provide a basis for differentiation of patients with coronary atherosclerosis from those without evidence of coronary disease. It is of interest, however, that the only patient in the series with a main LCA longer than 6.0 mm (case 3) was included in the group with significant coronary atherosclerosis. This patient, it should be noted, was also the one in whom the A-V nodal artery had a left-sided origin despite a dominant right coronary distribution pattern. Anterior septal branches of the left anterior descending system were not identified in this patient, and the interventricular septum appeared to be perfused via collateral flow from the artery to the sinus node.
Discussion
In 76 to 86% of documented cases LBBB has been shown to be clinically associated with coronary artery disease and hypertensive heart disease. [3] [4] [5] [6] [7] The conduction disturbance is also encountered in patients with rheumatic heart disease or myocardial disease, particularly when signs of left ventricular hypertrophy or dilatation are present,2 4 and these factors may have been important in two of our patients (cases 5 and 7). According to Rossi,17 the histologic changes in the conduction system are not sufficient to explain the bundlebranch block, so that the associated disease condition, whether coronary atherosclerosis, hypertensive cardiovascular disease, or myocardial disease, must be considered important in the pathogenesis of the conduction defect. Where advanced atherosclerosis is held responsible, the lesion would presumably have to be an extensive one, causing interruption of the nutrient supply to all ramifications of the left bundle branch. It is also possible to speculate on the probable etiologic role of focal fibrosis,6' 17 congenital abnormality of Circulation, Volume XLI, February 1970 the bundle itself'8 or metabolic alterations in the conduction tissue.'9 20 According to Bauer,'0 the etiologic factors are the same in both transient and fixed forms of LBBB. In our series, patients with the transient form of block were equally divided between those with significant coronary atherosclerosis and those without. The present report and others6' 21, 22 emphasized that LBBB may be present in the absence of coronary atherosclerotic changes or hypertensive heart disease.
Angiographic study of the coronary distribution in this series of patients with LBBB is not helpful in differentiating etiologically explained from isolated cases of block. It was, nevertheless, of value in distinguishing cases of LBBB from the random group of 25 cases selected from 354 patients studied arteriographically and control data recorded in the literature. Analysis of arterial distribution patterns in the 354 arteriograms revealed right preponderance in 69.5%, left dominance in 9.3%, and a balanced coronary circulation in 14.4%, with an indeterminate distribution in 6.8%. These percentages reflect close agreement with the findings of Baroldi and Scomazzoni23 in pathologic studies on 522 human hearts and those of Fulton,24 but differ sharply from the findings in our 12 patients with LBBB, in whom the incidence of left coronary preponderance is much greater. Likely explanations of this finding are lacking, but it might be speculated that predominant right coronary perfusion of the posterior third of the septum and the A-V node confers relative immunity from ischemia, the right coronary system being a less frequent site of obliterative disease or hemodynamic overloading. A dual vascular supply of the crux of the heart from both right coronary and left circumflex systems in a balanced circulation might similarly be surmised to preserve viabilitv of this region. It is recognized, however, that other than nutritive factors may be active in the pathogenesis of delayed intraventricular conduction and that an arborization block associated with diffuse myocardial involvement rather than localized myocardial ischemia may account for the electrocardiographic appearance in LBBB.
The prebifurcation length of the mainstem LCA in 25 patients selected at random from the series of 354 arteriograms ranged from 7.5 to 20.5 mm (mean, 12.8 mm) and is similar to those reported from a pathologic study by Baroldi and Scomazzoni23 of a range of 3 to 23 mm (mean, 13.5 mm). The The electrocardiographic exercise test is generally considered to be uninterpretable in patients with LBBB. However, in the current study the degree of S-T segment depression encountered in the patients with benign LBBB was less than in those with ischemic LBBB. These results and those reported preViOUSly21' 25, 26 suggest that useful information may be obtained from the ECG exercise tests in the presence of LBBB, but a definitive conclusion cannot be supported by the small number of patients evaluated.
Follow-up clinical evaluation of these 12 patients with isolated LBBB ranging from 32 to 14 years (mean, 6.9 years) revealed no deaths in the series at the time of writing. The patients with ischemic heart disease continued to experience symptoms of coronary insufficiency, while those with unexplained or isolated LBBB have developed no evidence of ischemic heart disease. The prognosis for patients who have LBBB without any demonstrable associated cardiovascular disease is almost certainly better than that for patients with heart disease. Epidemiologic studies2 3' 7. 8 support this contention, and the continued asymptomatic status of all our patients in the former category lends further corroboration.
